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If the mechanism of binding at the A and P sites are similar in liver and R. spheroides (which need not be necessarily so) then these findings, together with the observation that 4-oxopentanoic acid affords protection against the inactivation by iodoacetic acid, lead us to infer that we may be studying an alkylation affecting the P site and that the Schiff-base site (site A) is not modified by the reagent.
The increased amount of radioactive 5-aminolaevulinic acid incorporated into the alkylated protein is a noteworthy additional observation. Presumably, either the effect of the alkylation creates more available active sites or, alternatively, processes in the catalytic reaction in the active enzyme limit the incorporation of substrate. Bilirubin conjugates have been isolated from a number of sources (Kuenzle, 1970; Billing et al., 1957; Heirwegh et al., 1975a) , but pureconjugateshavenever been obtained in sufficient quantities for their properties to be studied in detail. The chemical synthesis of bilirubin conjugates would establish their structures, and should provide quantities sufficient for their biochemical properties to be determined.
One problem in the synthesis of bilirubin conjugates is to protect the sugar hydroxyl groups, so that one specific hydroxyl is esterified. The protecting groups must be removed under extremely mild conditions if the bilirubin residue is not to be affected. The synthesis of sugar amides (rather than esters) of bilirubin does not require protection of the sugar hydroxyl groups, as the reactivity of the amino group of amino sugars ensures preferential reaction at that site. Bilirubin sugar amides should also be more stable than the corresponding esters.
The attempted synthesis of bilirubin amides by using dicyclohexylcarbodi-imide as condensing agent was unsuccessful owing to the formation of N-acylureas. Diphenyl phosphorylazide (Shiori et al., 1972) proved an effective condensing agent, and permitted the successful synthesis of bilirubin bis-amides derived from 1-and 2-glucosamine, 1-xylosamine and several other aliphatic or aromatic amines. The coupling reaction was carried out in NN-dimethylformamide in the presence of triethylamine, and with an excess of azide. The bilirubin bis-amides were purified by t.l.c., and their structures established by spectrometry (including electron-impact and field-desorption mass spectrometry) and conventional microanalytical methods.
The bilirubin sugar amides are water-soluble, and are direct-reacting in the azopigment test (Heirwegh et al., 19756) . These amides are analogues of natural bilirubin conjugates, and their U.V. spectra are similar to those of the natural compounds. However, although the U.V. maxima of esters of bilirubin with aliphatic alcohols are solvent-dependent, bilirubin amides have U.V. maxima near 450nm, which are independent of solvent. This behaviour resembles that of free bilirubin, and suggests that the amide molecules may be held in a rigid conformation by internal hydrogen-bonding.
During this work, a simple synthesis of tritiated bilirubin was developed. Bilirubin dimethyl ester (Hutchinson et al., 1973) in solution in NN-dimethylformamide will incorporate 3H from tritiated water in the presence of sodium methoxide. Hydrolysis of Vol. 4
